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PUMP FOR PUMPING MOLTEN METAL 
INCLUDING COMPONENTS THAT RESIST 

DETERIORATION 

TECHNICAL FIELD 

[0001] This disclosure pertains to pumps for molten metal 
and, in particular, to avoiding deterioration of components of 
such pumps. 

TECHNICAL BACKGROUND 

[0002] Pumps for pumping molten metal include refractory 
components (e.g., made of graphite) to Withstand the harsh 
molten metal environment (e.g., molten aluminum). Never 
theless, the pump components inevitably fail and need to be 
replaced periodically, leading to undesirable pump doWn time 
and labor and material costs repairing the pump. The compo 
nents of the pump may fail for various reasons, but one 
problem is that the posts that submerge the base containing 
the rotating impeller in the molten metal, inevitably Wear near 
a surface of the molten metal Where dross is located. Replac 
ing the posts of some pumps is a di?icult procedure if the 
posts are cemented to the base. The inventor’ s company, High 
Temperature Systems, Inc., offers a cementless pump in 
Which the posts are connected to the base With fasteners and 
no cement is needed, Which makes post replacement easier. 
Nevertheless, it Would be advantageous if the life of such 
pump components could be extended. 

BRIEF DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

[0003] Turning noW to example embodiments of the disclo 
sure, a ?rst aspect features a pump for pumping molten metal 
that includes a pump shaft having an upper end and a loWer 
end. A motor is connected to the upper end of the shaft. An 
impeller (also referred to as a rotor) is fastened to the loWer 
end of the shaft. Support structure supports the motor above 
the molten metal. A base is disposed beloW the support struc 
ture including an impeller chamber in Which the impeller is 
rotated by activation of the motor. The base includes at least 
one inlet opening leading to the impeller chamber and at least 
one outlet passageWay leading from the impeller chamber. At 
least one support post extends betWeen the support structure 
and the base enabling the base to be submerged in the molten 
metal beneath the support structure. A device enables the post 
to resist deterioration from at least one of oxidation and 
abrasion While the post is disposed in the molten metal. For 
example, the device can resist deterioration of the post by 
maintaining the post at a temperature that inhibits an oxida 
tion reaction of metal oxides in the molten metal and the post 
material and/ or the device can resist deterioration of the post 
by moving dross aWay from the post so as to inhibit abrasion 
of the post caused by contact With the solid dross material. 
The movement of the solid dross against the posts and/or 
rotation of the shaft in solid dross can lead to deterioration of 
these components by abrasion. 
[0004] Referring to speci?c features of the ?rst aspect, the 
post can include a passageWay along its length and the device 
that enables the post to resist deterioration includes a gas 
source and a conduit that extends betWeen the gas source and 
the passageWay. The device that enables the post to resist 
deterioration can include a manifold disposed around and 
fastened to the motor, Wherein air travels around the motor for 
cooling the motor, enters the manifold and travels from an 
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opening in the manifold to the post. An air?oW directing 
member extending from the manifold can release air along or 
near an exterior surface of the shaft. The manifold opening 
can release air along or near an exterior surface of the post. 
The post can include a passageWay and a conduit extends 
betWeen the manifold opening and the passageWay, Wherein 
air in the manifold ?oWs into the passageWay and enables the 
post to resist oxidation. The gas source can include air and/or 
inert gas under pressure. The passageWay can extend in the 
post to a location near an interface of molten metal and air; for 
example, the passageWay can be located only above the inter 
face. 

[0005] Referring to further speci?c features that apply to 
the ?rst aspect of the disclosure, at least one opening can 
extend from the post passageWay to an exterior surface of the 
post, Wherein gas in the passageWay travels through the open 
ing out the post and along or near the post (e.g., along its 
exterior surface). The opening can be located near the inter 
face of molten metal and air. The passageWay can extend to 
and end at an upper location of the post above the interface of 
molten metal and air, and the gas travels through the opening 
and doWnWard along or near the post (e.g., along its exterior 
surface). The passageWay can extend to and end at a loWer 
location of the post beloW the interface of molten metal and 
air, and the gas travels through the opening out the post and 
upWard along or near the post (e.g., along its exterior surface). 
The gas can have a density that is less than or greater than a 
density of air enabling the gas to travel upWard or doWnWard 
along or near the post, respectively. The post can be com 
prised of graphite. The post can include a ceramic sleeve. 

[0006] A second aspect of the disclosure features a pump 
for pumping molten metal that includes a pump shaft having 
an upper end and a loWer end. A motor is connected to the 
upper end of the shaft. An impeller is fastened to the loWer end 
of the shaft. Support structure supports the motor above the 
molten metal. A base is disposed beloW the support structure 
including an impeller chamber in Which the impeller is 
rotated by activation of the motor. The base includes at least 
one inlet opening leading to the impeller chamber and at least 
one outlet passageWay leading from the impeller chamber. At 
least one support post extends betWeen the support structure 
and the base enabling the base to be submerged in the molten 
metal beneath the support structure. A gas source and a gas 
?oW member leading from the gas source to a location above 
the post enable gas to How outside the post that moves dross 
solids aWay from the post. 

[0007] Many additional features, advantages and a fuller 
understanding of the invention Will be had from the accom 
panying draWings and the detailed description that folloWs. It 
should be understood that the above Brief Description pro 
vides a description in broad terms While the folloWing 
Detailed Description provides a more narroW description and 
presents embodiments that should not be construed as neces 
sary limitations of the broad invention as de?ned in the 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a perspective vieW of one example of a 
pump for pumping molten metal according to this disclosure; 

[0009] FIG. 2 is a top vieW of the pump of FIG. 1; 

[0010] FIG. 3 is a left side vieW of the pump of FIG. 1; 

[0011] FIG. 4 is an end vieW of the pump of FIG. 1; 
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[0012] FIG. 5 is a vertical cross-sectional vieW of the pump 
of FIG. 4, showing gas (e.g., air) traveling from a manifold 
around the motor, through a conduit into a passageway of a 
post ofthe pump; 
[0013] FIG. 6 is a vertical cross-sectional vieW of a varia 
tion of the pump of FIG. 4, shoWing gas traveling into a post 
of the pump and then out an upper opening in the post to an 
exterior surface of the post, from Which the gas travels doWn 
Ward along or near the post; 
[0014] FIG. 7 is a vertical cross-sectional vieW of a varia 
tion of the pump of FIG. 4, shoWing gas traveling into a post 
of the pump and then out a loWer opening in the post to an 
exterior surface of the post, from Which the gas travels upWard 
along or near the post; 
[0015] FIG. 8 is a vertical, partial cross-sectional vieW 
shoWing use of a separate gas source (e. g., a tank of gas under 
pressure) instead of or in addition to the gas from the manifold 
discussed above, applicable to any aspect of the disclosure; 
[0016] FIGS. 9 and 10 shoW an optional gas ?oW member 
that may extend from the manifold of FIG. 5 to How gas along 
the pump shaft and possibly along the post; and 
[0017] FIGS. 11-14 are various vieWs of one aspect of the 
manifold discussed above. 

DETAILED DESCRIPTION 

[0018] Referring to FIGS. 1-3, a pump 10 for pumping 
molten metal includes a pump shaft 12 having an upper end 
portion 14 and a loWer end portion 16. The upper end portion 
14 of the shaft 12 is connected to a drive shaft 17 of a motor 
18 by a coupling 20 While an impeller (also referred to as a 
rotor) 22 is fastened to the loWer end portion 16 of the shaft 
12. The motor 18 is supported above molten metal 24 by 
support structure 26 (FIG. 5). The level at Which the pump is 
submerged in the molten metal, Which is shoWn in the draW 
ings, is approximate and may be different in practice. A base 
28 is disposed beloW the support structure 26 and includes an 
impeller chamber 30 in Which the impeller 22 is rotated by 
activation of the motor 18. The base 28 can include at least 
one inlet opening 32 leading to the impeller chamber 30 
(upper and loWer inlet openings 32 being shoWn in FIG. 3 for 
example) and at least one outlet passageWay 34 leading from 
the impeller chamber 30 to an exterior surface 36 of the base. 
Alternatively, or in addition to the outlet passageWay leading 
to an exterior surface of the base, at least one outlet passage 
Way leads from the impeller chamber to a holloW riser (not 
shoWn) for transfer of the molten metal to another location in 
a manner knoWn in the art. An elboW and other components of 
such a transfer pump are not shoWn but are knoWn in the art. 
It should be appreciated that the pump of this disclosure could 
be designed to be a multifunctional pump With multiple trans 
fer and/or discharge functions Within the scope of example 
embodiments of this disclosure, as disclosed in Us. Pat. Nos. 
7,687,017 and 7,507,365, Which are incorporated herein by 
reference in their entireties. 
[0019] At least one support post 38 extends betWeen the 
support structure 26 and the base 28 for enabling the base to 
be submerged in the molten metal. The post is elongated and 
typically cylindrical, but can be any other shape such as 
square in cross-section. The shaft 12, optional riser, and post 
(s) 38 are at least partially submerged in the molten metal 24 
beneath the support structure 26. 
[0020] The support structure 26 can be a metal motor 
mount plate. The motor can be mounted to the motor mount 
plate. A hook 27 can be provided on the motor or elseWhere on 
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the pump and fastened to a device that can suspend or lift the 
pump into and out of the molten metal bath. The posts can be 
secured to the bottom of the motor mount plate and to the base 
in any manner. A fastener 48 can be used at a loWer end 
portion 50 of each post 38, betWeen the base 28 and post 38, 
Without a need for cement to fasten the post to the base in the 
design of a cementless pump sold by High Temperature Sys 
tems, Inc. as disclosed in Us. patent application Ser. No. 
13/169,083, entitled “Cementless Pump for Pumping Molten 
Metal,” Which is incorporated herein by reference in its 
entirety. For example, the fastener 48 may be an exteriorly 
threaded, refractory fastener that extends into the base and is 
threaded into a threaded opening 53 at the loWer end portion 
of the post. Referring to attachment of an upper end portion 46 
of the post 38, for example, a split socket 52 may be fastened 
to a loWer surface 54 of the motor mount plate 26 including an 
arcuate protrusion 56 that extends into an arcuate recess 58 at 
the upper end 46 of the post 38 and retains the post in a ?xed 
position therein. 
[0021] A gas (and possibly ?ux) injection conduit 59 
(FIGS. 1-3) may be mounted to the motor mount, extend 
through an opening in the motor mount into a connection 
leading into the base, such as into the discharge passageWay 
34. 

[0022] In accordance With this disclosure, the support post 
(s) 38 is maintained at a reduced temperature that is believed 
Will enable the post(s) to resist oxidation caused by the molten 
metal environment (e.g., being subjected to oxides of the 
dross); and/or abrasive Wear on the post(s) 38 is avoided by 
moving the dross aWay from contact With the post(s). For 
example, oxidation of the support post may be caused by 
reaction of oxygen from aluminum oxides of the dross and the 
material of the post at or near the molten metal-air interface. 
The components of the pump 1 0 that contact the molten metal 
24 (including the posts, shaft, optional shaft sleeve, riser, 
impeller and base) are formed of heat resistive or refractory 
material such as graphite, ceramic material, graphite With a 
ceramic sleeve (e.g., a silicon carbide sleeve), and/ or graphite 
impregnated With refractory material (e.g., alumina or alumi 
num oxide compound). In vieW of its relatively loW cost, 
thermal shock resistance and good mechanical properties in 
the molten metal, the posts 38 are typically composed of 
graphite. In particular, the graphite of the post 38 may option 
ally be impregnated With a ceramic material by to retard 
oxidation and hence to improve the life of the post. 
[0023] When aluminum is pumped through a fumace or 
hearth, for example, oxygen is present at a location at or near 
the interface 40 betWeen the molten metal 24 and the air 42 
above the molten metal (e.g., oxygen present in aluminum 
oxide in dross) that may degrade the posts 38. Dross is a 
by-product of melting aluminum metal. Dross is a mixture of 
aluminum metal and aluminum oxides With minor amounts of 
other constituents and is treated in various Ways such as by 
using ?ux, as disclosed for example, in the paper, Ray Peter 
son, RevieW of Aluminum Dross Processing, Light Metals, 
Ed. by W. Schneider, The Minerals, Metals & Materials Soci 
ety (2002), Which is incorporated herein by reference in its 
entirety. By maintaining the post 38 at a loWer temperature 
than the temperature at Which it Would ordinarily be While in 
and/or above the molten metal 24, it is believed the oxidation 
reaction of the post Will be sloWed. When inert gas ?oWs 
along or near the post and/or shaft (e.g., along an exterior 
surface of the post and/or shaft) this may contribute to sloW 
ing the oxidation reaction and/or avoiding detrimental abra 
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sion, by moving the dross (e. g., aluminum oxide) solids away 
from the post and/or shaft. It is believed that reducing the 
temperature of the post and/ or moving the dross solid material 
aWay from the post, Will result in a longer life of the post 38 
and a resultant greater interval betWeen pump reconstruction 
Work, Which is conducted When posts and other pump com 
ponents fail or are about to fail. This in turn is expected to 
provide a signi?cant savings to operators of pumps for pump 
ing molten metal in avoiding the cost of replacement pump 
components, costs associated With pump doWn time and labor 
costs of pump reconstruction. 

[0024] Deterioration of the posts may be avoided by main 
taining the posts 38 at a temperature that enables them to 
resist oxidation, and/or Wear of the posts by abrasion from the 
dross can be avoided, in any manner, using any equipment, 
material or method, according to this disclosure. HoWever, 
one example of a Way to keep the posts 38 at a reduced 
temperature and/or to avoid abrasion from the dross, While 
they are submerged in the molten metal (see FIGS. 1-5) is to 
design the posts so as to include a passageWay 44 at an upper 
end 46 thereof extending to and ending near the surface of the 
molten metal, e.g., the molten metal-air interface 40. 
[0025] The motor 18 can be an air or electric motor, for 
example. If the electric motor is used, then cooling air can be 
applied around or inside the motor. Turning to FIGS. 1-7, a 
manifold 78 can be disposed around the bottom of the motor 
18 (FIG. 1) and, for example, a generally conical gas ?oW 
member 79 can extend over or near the coupling 20 that 
connects the motor drive shaft 17 and the pump shaft 12. A 
portion of the cooling air that is directed into the opening at 
the top of the motor and ?oWs inside the motor housing in a 
conventional manner can be directed into the manifold 78 and 
along or to the post and/ or pump shaft. 
[0026] A conduit 60 can be connected to the manifold 78 as 
the gas source so that the air 70 feeds into a passageWay 44 
formed in the post 38 (FIGS. 6 and 7). The conduit 60 extends 
through an opening 64 in the motor mount plate 26 and up to 
or into the passageWay 44. The passageWay 44 can be a blind 
hole inside the upper end 46 of the post 38 . An appropriate and 
effective ?oW rate of the gas can be determined empirically 
according to the process conditions. The conduit 60 can be 
bifurcated to include an inlet passageWay section and an 
outlet passageWay section to alloW the gas to feed into and out 
of the passageWay 44. A conduit 60 can extend from the 
manifold 78 through opening 64 in the motor mount plate and 
into the passageWay 44 of each of the posts. 
[0027] Air 70 may optionally be directed from the manifold 
78, through the conical member 79 and doWn the pump shaft 
12, Which also may inhibit oxidation and/or dross abrasion of 
the shaft. HoWever, it is not desirable to How gas into the 
impeller chamber 30 as this can cause deleterious cavitation 
in the impeller chamber. FloW of gas 70 along the pump shaft 
12 is shoWn only in FIG. 5, but could occur in any aspect of 
this disclosure. 

[0028] On the other hand, referring to FIG. 8, a separate gas 
source 62 may be used in place of or in addition to the air from 
the manifold to provide gas to the post(s) 38 and possibly 
along the pump shaft 12. The separate gas source 62 can be a 
tank of air and/or inert gas under pressure, for example (nitro 
gen and/ or argon gas). A conduit 60 can extend from the gas 
source 62 above the molten metal as shoWn in FIG. 8. In all 
embodiments herein, the conduit from the gas source to the 
post(s) is made of a suitable material, for example, a ?exible 
and/ or heat resistant conduit. The conduit might also be 
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metal. The separate gas source 62 may be used in any aspect 
of this disclosure (such as When gas exits an upper location of 
the post through opening 66, through a loWer opening 84, or 
When the gas does not leave the passageWay 44 of the post 
through a transverse opening in the post). 
[0029] In one variation, referring to FIG. 6, at least one 
optional opening 66 can extend from the passageWay 44 to an 
outer exterior surface 68 of the post(s) 38. Gas 70 such as air 
and/or inert gas (e.g., argon and/or nitrogen) ?oWs through 
the conduit 60 into the passageWay 44. The gas that is fed into 
the passageWay 44, and through the optional opening 66 of 
the post, leaves the post and may travel (e.g., doWnWardly) 
near or along the outer surface 68 of the post When the gas has 
a higher density than air. 
[0030] The post and pump shaft may each be formed With 
an optional ceramic sleeve 82 made of, for example, silicon 
carbide, Which prevents abrasion of these components from 
metal oxides and other materials present in the molten metal. 
Exterior surface 68 is an exterior surface of the sleeve (or 
exterior surface of the post if no sleeve is used). Despite the 
presence of the ceramic sleeve in the prior art, the oxidation 
reaction still proceeded to Weaken the shaft and post near the 
molten metal-air interface Without the temperature reducing 
and/or abrasion resistant features of this disclosure. There 
fore, the method of this disclosure in Which gas is ?oWed 
inside the post and possibly around the outside of the post 
and/or shaft, may be used With the sleeve containing-post and 
possibly the sleeve-containing shaft. 
[0031] Referring to FIG. 7, it may be possible to extend the 
passageWay 44 of the post (or shaft) past the molten metal-air 
interface 40 to the loWer end portion 50 of the post (or shaft) 
beloW the interface 40 (e.g., near the base 28), ifthe post has 
suf?cient strength for this. A loWer end portion of the pas 
sageWay 44 extends to at least one optional outer opening 84 
leading to the exterior surface 68 of the post (as part of an 
optional ceramic sleeve 82 or possibly uncovered exterior 
surface of the post). A porous refractory plug 83 may be 
present in the opening 84 (or opening 66) to permit How of gas 
through it but to prevent molten metal from entering the 
opening or the passageWay 44. Then, gas 70 such as inert gas 
can ?oW inside the post 38 (or shaft) doWn most of its length 
to the outer opening 84 Where it may leave the post (or shaft) 
and How upWard, being less dense than air (e.g., nitrogen), 
along the post (or shaft) outer surface 68. 
[0032] The How of gas out the opening 66 and upWard or 
doWnWard along or near the post and/ or shaft (e. g., along the 
exterior surface of the post) may provide the post and/or shaft 
With a cooler temperature and/or an envelope of gas around its 
exterior surface that moves the dross solid material (e. g., 
aluminum oxides therein in the case of pumping of aluminum 
metal) aWay from the post and/ or shaft and inhibits oxidation 
and/ or abrasion along the entire length thereof, and especially 
at the molten metal/air interface 40. In all embodiments of 
this disclosure, multiple openings 84 (or 66) may be used so 
that the gas leaves the passageWay 44 around a circumference 
of the post so as to surround the post and possibly the shaft as 
it travels upWard or doWnWard. 

[0033] An example method of inhibiting oxidation and/ 
dross abrasion of a post in a pump for pumping molten metal 
includes providing the pump 10 as described above. The 
pump base 28 is submerged in the molten metal 24 and the 
motor 18 is activated, rotating the drive shaft 17 and, in turn, 
via coupling 20, the shaft 12 and impeller 22 in the molten 
metal. While the posts are submerged in the molten metal, gas 
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70 is fed along the conduit 60 and into the passageway 44 of 
the posts 38. The ?owing gas 70 is expected to cool the post 
38, in particular, to a temperature at Which the rate of oxida 
tion of the graphite is reduced compared to the rate of oxida 
tion of the graphite at the molten metal temperature. The 
passageWay 44 extends near to or at the molten metal/air 
interface 24 so as to cool at least the interface region of the 
post. Placing the pas sageWay near but at a location only above 
the molten metal-air interface 24 provides the advantage that 
the passageWay does not Weaken the post in the interface area 
76 Where the post is normally susceptible to Wear, oxidation 
and breakage (as shoWn by the crescent shaped Wear of the 
post in FIG. 5). If an opening 66 or 84 extends from the 
passageWay 44 in the post to the exterior surface of the post, 
gas may be ?oWed upWardly or doWnWardly (depending on 
the density of the gas relative to the density of air) along or 
near the post (e.g., along the exterior surface of the post), 
Which may prevent an abrasive effect of the dross on the post. 
[0034] Many modi?cations and variations of the example 
embodiments Will be apparent to those of ordinary skill in the 
art in light of the foregoing disclosure. Therefore, it is to be 
understood that, Within the scope of the appended claims, the 
invention can be practiced otherWise than has been speci? 
cally shoWn and described. 
What is claimed is: 
1. A pump for pumping molten metal comprising: 
a pump shaft having an upper end and a loWer end; 
a motor connected to the upper end of the shaft; 
an impeller fastened to the loWer end of the shaft; 
support structure supporting the motor above the molten 

metal; 
a base disposed beloW the support structure including an 

impeller chamber in Which the impeller is rotated by 
activation of the motor, Wherein said base includes at 
least one inlet opening leading to the impeller chamber 
and at least one outlet passageWay leading from the 
impeller chamber; 

at least one support post extending betWeen said support 
structure and said base enabling the base to be sub 
merged in the molten metal beneath said support struc 
ture; and 

a device that enables said post to resist deterioration from at 
least one of oxidation and abrasion While the post is 
disposed in the molten metal. 

2. The pump of claim 1 Wherein said post includes a pas 
sageWay along a length of said post and said device that 
enables said post to resist deterioration includes a gas source 
and a conduit that extends betWeen said gas source and said 
passageway. 

3. The pump of claim 1 Wherein said device that enables 
said post to resist deterioration includes a manifold disposed 
around and fastened to said motor, Wherein air travels around 
said motor for cooling said motor, enters said manifold and 
travels from an opening in said manifold to said post. 

4. The pump of claim 3 Wherein an air?oW directing mem 
ber extending from said manifold releases air along an exte 
rior surface of said shaft. 
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5. The pump of claim 3 Wherein said manifold opening 
releases air along or near an exterior surface of said post. 

6. The pump of claim 3 Wherein said post includes a pas 
sageWay and a conduit extends betWeen said manifold open 
ing and said passageWay, Wherein air in said manifold ?oWs 
into said passageWay and enables the post to resist oxidation. 

7. The pump of claim 2 Wherein the gas source includes air 
and/or inert gas under pressure. 

8. The pump of claim 2 Wherein the passageWay extends in 
the post to a location near an interface of molten metal and air. 

9. The pump of claim 8 Wherein the passageWay is located 
only above the interface. 

10. The pump of claim 2 including at least one opening 
extending from the passageWay to an exterior surface of the 
post, Wherein gas in the passageWay travels through the open 
ing out said post and travels along or near said post. 

11. The pump of claim 10 Wherein the opening is located 
near an interface of molten metal and air. 

12. The pump of claim 10 Wherein the passageWay extends 
to and ends at an upper location of the post above an interface 
of molten metal and air, and the gas travels through the open 
ing out said post and doWnWard along or near said post. 

13. The pump of claim 10 Wherein the passageWay extends 
to and ends at a loWer location of the post beloW an interface 
of molten metal and air, and the gas travels through the open 
ing out said post and upWard along or near said post. 

14. The pump of claim 13 Wherein the gas has a density that 
is less than a density of air. 

15. The pump of claim 12 Wherein the gas has a density that 
is greater than a density of air. 

16. The pump of claim 1 Wherein the post is comprised of 
graphite. 

17. The pump of claim 1 Wherein the post includes a 
ceramic sleeve. 

18. A pump for pumping molten metal comprising: 
a pump shaft having an upper end and a loWer end; 
a motor connected to the upper end of the shaft; 
an impeller fastened to the loWer end of the shaft; 
support structure supporting the motor above the molten 

metal; 
a base disposed beloW the support structure including an 

impeller chamber in Which the impeller is rotated by 
activation of the motor, Wherein said base includes at 
least one inlet opening leading to the impeller chamber 
and at least one outlet passageWay leading from the 
impeller chamber; 

at least one support post extending betWeen said support 
structure and said base enabling the base to be sub 
merged in the molten metal beneath said support struc 
ture; and 

a gas source and a gas ?oW member leading from said gas 
source to a location above said post for ?oWing gas 
outside of said post that moves dross solids aWay from 
said post. 


